W have introduced echocardiography into the physiology courses for medical students to improve their understanding of cardiac physiology.
Echocardiography allows a visualization of the events of the cardiac cycle and facilitates the correlation of anatomic structures with their physiological functions. The students record views on the human heart in the long and short axis, they follow wall and valve motions, and they interpret the obtained data in correlation with electrocardiography and phonocardiography. Echocardiography offers the opportunity to measure the interval of isovolumetric contraction and isovolumetric relaxation and permits the calculation of parameters assigned to left ventricular contractility. An evaluation showed that medical students consider echocardiography to be the most significant and interesting part of the physiology courses. In conclusion, echocardiography has been shown to be a valuable tool for teaching cardiac physiology.
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In teaching cardiovascular physiology, we have to deal with the major problem inherent to a successful transfer of information: although we are forced to present a great number of crucial data, we should avoid a simple cumulative presentation of theoretical details, because this often overstrains the students' ability to absorb substantial information. A valuable tool to encourage the students' interest in physiology, and thereby to improve their knowledge, is the presentation of physiological facts with the support of practical exercises. The topics of these practical exercises must be chosen carefully, because the time available for the discussion of the various physiological systems is limited. Because of scientific progress, medicine is subjected to continuous changes concerning both the methods of investigation and the concepts of therapeutic interventions.
Medical education has to participate in scientific progress, not only to make sure that the students become familiar with new diagnostic tools but also to provide them with the substantial knowledge they need for a correct interpretation of the limits and possibilities inherent in a diagnostic technique. A method chosen for practical courses for students thus ought to achieve two goals: it should be suitable for the presentation of physiological processes, and it should be relevant for today's medical practice.
Faced with these preconditions, we integrated an introduction to echocardiography into the physiology courses for students.
Today echocardiography is a widespread diagnostic aid for the clinician that is apt to further the students' interest in cardiovascular physiology.
Echocardiography allows the correlation of anatomic structures with their physiological functions, thereby representing a powerful device to close the gap between theoretical knowledge and its practical application. Ultrasound can create pic- The orthogonal planes for echocardiographic imaging are the long-axis plane, the shortaxis plane, and the four-chamber plane. The latter can be obtained from the cardiac apex.
A two-dimensional image of the heart along the long axis is obtained with the transducer in the parasternal position.
The anatomic structures that can be demonstrated are the right ventricle (Rv), the interventricular septum (IVS), the left ventricle (Lv) with the LV posterior wall (LVPW) and its posterior boundary made up by epi-and pericardial echoes,
the aorta (Ao), the mitral valve (MV) with its anterior and posterior leaflet (AMVL and PMVL), and the left atrium (LA), as shown in Fig. 1 . By rotating the transducer 90", a parasternal short-axis view is obtained.
Views on the heart in the parasternal long and short axes are shown and later practiced by the students.
The one-dimensional M-mode recording at the level of the chordae tendineae can be used to measure the wall thickness of the IVS, the LVPW, and the diameter of the LV at the end of systole and diastole. Their value for the diagnosis of LV hypertrophy and dilatation is discussed with the students. The enddiastolic diameter (EDD), the thickness of the LV wall, and the LV end-diastolic pressure (LVEDP) determine the "preload" of the heart. From the end-systolic diameter (ESD) and the EDD, the fractional shortening (FS) can be calculated according to the equation
FS(%) = (EDD -ESD)/EDD x 100
Normal values are found to be > 28% (5) lated as the stroke volume (SV). SV multiplied by heart rate gives the cardiac output (CO)
CO (l/min) =SV X HR
The ejection fraction is calculated by dividing SV by EDV EF(%) = (SV/EDV) x 100
The estimation of TV volumes by M-mode echocardiography has to be considered critically, because several assumptions that are not always valid are required, for example, that the LV approximates a prolate ellipse and that the wall motion recorded by the measured ESD and EDD is representative of the entire ventricle. Moreover, the formulas do not take into account that the systolic shortening of the ventricle is associated with an anterior and rotational movement of the heart. Therefore, in today's clinical practice, M-mode echocardiography has lost its relevance for estimating LV volumes in favor of two-dimensional echocardiography.
M-mode recordings with simultaneous recording of ECG and PCG enable the student to follow the events of the heart cycle over time. With the beginning of ventricular relaxation, the intraventricular pressure falls below the aortic diastolic pressure and the semilunar valves close, giving rise to the second heart sound, which can be displayed phonocardiographically during an M-mode recording of the MV. The MV remains closed, and the ventricular muscle continues to relax for another 30-60 ms until the TV pressure has dropped below the blood pressure in the LA. Thereafter the MV opens, and the students can see the characteristic biphasic opening motion of the leaflets as shown in Fig. 3 . The period, measured as the interval between the second heart sound and the beginning of the MV opening movement, is called isovolumetric relaxation. The maximum excursion of the leaflets during early diastole is called "E." It is a consequence of the rapid filling of the ventricle due to myocardial relaxation and upward movement of the ventricular base. A third heart sound would occur during the E-F or closing slope of the MV (1, 3) . In adults a distinct third heart sound is usually heard under pathological circumstances, as for example heart failure with ventricular diastolic gallop rhythm. During the middle third of diastole blood flow is diminished. This corresponds to the mid-diastolic closing wave F and reflects the phase of slow ventricular filling or diastasis. During the latter third of diastole, atria contract and the MV leaflets reopen again, giving rise to the A wave. The end-diastolic MV motion after LA contraction reflects the diastolic function of the heart. The amplitude of the A wave is normally lower than the D-E physiologists. An M-mode recording of the aortic valve leaflets (Fig. 4) We should be aware of the problems that arise in introducing echocardiography for student practice during the physiology courses. As a prerequisite, members of the department need to be advised of the skills necessary for basic echocardiographic examinations. This point should be considered clearly, because the quality of an echocardiographic examination depends most of all on the routine of the examiner.
The student's acceptance of echocardiographic practice in the physiology courses promises that echocardiography will be an opportunity to make basic medical education more interesting. Why do students consider echocardiography to be such a valuable tool for teaching physiology? Obviously echocardiography connects basic to clinical sciences. Any effort linking theoretical knowledge of basic sciences to clinically relevant methods evokes the interest of medical students. Echocardiography shows clearly the necessity of basic physiological knowledge for clinical applications. The "insight" into the living heart makes their education far less abstract and clearly illustrates the morphological changes underlying cardiophysiological events. Echocardiography provides a fascinating way to scrutinize the coordination of heart sounds and valve motions over time. Isovolumetric relaxation, isovolumetric contraction, and the filling of the left ventricle in early and late diastole can be presented clearly.
An introduction to echocardiography provides students with insights into a relatively new diagnostic method that was established in the 1960s. Echocardiography is routinely performed by specialists. However, the physician who decides about diagnostic efforts and treatment for the patient also has to know about the limits and the value of echocardiography to assure the suitability and the correct interpretation of the examination. Physicians who are not familiar with echocardiography find this technique extremely confusing.
For example, many physicians are not aware of the fact that the mitral valve closes in middiastole because the blood flow diminishes between passive and active filling of the ventricle (4).
Physicians
should be aware of the problems inherent in a determination of cardiac volumes by means of echocardiography.
Any technique that attempts to calculate volumes from an examination that is less than truly three-dimensional permits only an approximate estimation of the volume, and its relevance should not be overrated.
The integration of echocardiography into the physiology courses improves students' ability to evaluate the suitability of an echocardiographic examination and has certainly contributed to progress in medical education. 
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